Atelectasis is a major factor in postoperative morbidity for patients undergoing cardiopulmonary surgery. We evaluated the effectiveness of stacked inspiratory spirometry (STIS) The study was performed on 17 patients status post coronary artery bypass surgery after preoperatively obtaining written consent for an Institutional Review Board approved protocol. After the protocol was explained preoperatively, patients had ample opportunity to practice the respiratory maneuver that was to be performed postoperatively.
Atelectasis is a major factor in postoperative morbidity for patients undergoing cardiopulmonary surgery. We evaluated the effectiveness of stacked inspiratory spirometry (STIS) in 17 patients status postcoronary artery bypass graft in a nonrandomized fashion. We measured pulmonary shunt as an endpoint, and compared the magnitudes before and after the STIS maneuver. Our results showed an 8 successive inspirations and rest against the one-way valve between efforts. The one-way valve was applied until the patient requested to exhale, appeared agitated, or until a change in cardiac or respiratory status was noted. Specimens were then withdrawn from the systemic and pulmonary arterial catheters, within 2 to 4 min of the completion of the maneuver (STIS), and pulmonary shunt was calculated. The maneuver's duration and resultant inhaled volume were recorded by a hand-held pocket stopwatch and spirometer (model VM-90, Bear Ventilator Monitor), respectively.
RESULTS
Of the 17 patients, 11 were men. The sample ranged in age from 45 to 78 years (mean, 61.8 years). All were status post coronary artery bypass with internal mammary artery and saphenous vein graphs.
Prior to study initiation, all patients successfully answered the questions assessing ability to cooperate outlined above. Patients (Fig 2) .
The alveolar-arterial oxygen gradient and ratios were calculated. The gradient was reduced, but not significantly, from 336.40±96.03 (B2) to 318.95± 94.45 (STIS) (p=0.06). The alveolar-arterial oxygen ratio was reduced, but not significantly, from 2.22 + 0.83 (B2) to 2.09 ±0.77 (STIS) (p=0.08).
The average duration and inhaled volume for the STIS were 32.0 ± 6.5 s and 1618.2 ± 369.4 ml, respectively. The variability in pulmonary shunt reduction was not well described by either the maneuver's duration or resultant inhaled volume (r2=0.012 and 0.054, respectively) (Fig 2) .
All patients were successfully extubated within 24 h and did not require reintubation. We were not able to detect phrenic nerve dysfunction, as we did not examine serial chest radiographs. In an effort to intermittently increase lung volume, Vraciu and Vraciu17 had patients perform deep breathing maneuvers twice daily (with a physical therapist present) and encouraged them to cough spontaneously throughout the day. The study showed a reduction in pulmonary complications, as defined by temperature >38.5°C, radiologic evidence of atelectasis or pneumonia, or abnormal breath sounds. The protocol, although successful, required trained personnel and was time consuming. Alternatively, the yawn may be an effective means to prevent atelectasis.18 This physiologic maneuver does result in sustained inspiration at high absolute lung volumes. Poorly cooperative patients, however, cannot be counted on to perform such a maneuver regularly.
Since the application of positive pressure to the airway increases functional residual capacity, some have reasoned it would result in a reduction in atelectasis. Iverson et al3 examined the effectiveness of intermittent positive pressure breathing (IPPB), incentive spirometry, and blow-bottles in reducing atelectasis in patients postcardiotomy on postoperative day 3. The incidence of atelectasis was 55 percent with IPPB, 60 percent with incentive spirometry, and 40 percent with blow-bottles. Significant postoperative hypoxemia was identified in 52 percent of IPPB-treated patients, compared with 33 percent and 24 percent of patients treated with incentive spirometry and blow-bottles, respectively. Oikkonen et a14 compared IPPB with the combination of incentive spirometry and chest physiotherapy (CPT) and found no difference in oxygenation or the incidence of atelectasis.
Celli et al19 conducted a randomized study evaluating IPPB vs incentive spirometry vs deep breathing exercises vs no intervention in postoperative (abdominal surgery) patients. Pulmonary complications were significantly reduced in the treatment groups (48 percent vs 21 to 22 percent). The treatment groups were equivalent concerning frequency of pulmonary complications. However, in the more expensive treatment, IPPB, 18 percent of patients were intolerant to therapy that had to be discontinued.
Nasally applied continuous positive airway pressure (nasal CPAP) and positive end-expiratory pressure have also been examined in patients after coronary artery bypass graft. In two studies, neither the application of nasal CPAP2 nor positive end-expiratory pressure7 resulted in decreases in postoperative atelectasis. Nasal CPAP did result in improved oxygenation while applied. A prospective randomized study evaluating the addition of mask CPAP to aggressive respiratory therapy in patients after abdominal surgery revealed improved oxygenation and reduced incidence of atelectasis.20
The application of positive pressure by selective insufflation through a balloon-tipped catheter may resolve lobar atelectasis. The catheter can be introduced under fiberoptic visualization through a bronchoscope2' or guided by fluoroscopy after traversing anesthetized vocal cords from a transnasal approach.22
Atelectasis may also result from endobronchial mucus obstruction. The common practice of CPT, postural drainage, bronchodilators, and deep breathing exercises has been shown to reduce postoperative pulmonary complications.21"23'24 This regimen was not effective in children after cardiac surgery. 25 Hammon et a126 noted a high incidence of arrhythmias during chest percussion and postural drainage in critically ill patients. Major rhythm disturbances were noted in 11 percent of the patients and minor arrhythmias were noted in 25 percent. Risk factors included increased age and the presence of an acute cardiac disorder.
The combined therapy of CPT and bronchodilators does appear effective in reversing acute lobar collapse and may obviate the need for bronchoscopy. 27 to be a significant and frequent complication.2-7 These patients have large pulmonary shunts in the postoperative period. In addition, our institution routinely monitors these patients with indwelling right heart catheters postoperatively, making pulmonary shunt measurements possible.
CONCLUSION
Our results indicate that the performance of the stacked inspiratory maneuver results in a modest reduction in pulmonary shunt in patients after coronary artery bypass and they are assessed approximately 12 h after leaving the operating room. The magnitude of pulmonary shunt reductions does not correlate with the duration of inspiratory effort, resultant tidal volume, or percent change in mixed venous oxygen saturation. If elimination of atelectasis results in reduced shunt, then it appears that the maneuver itself eliminates atelectasis and not the maneuver's duration or inhaled volume. An increase in cardiac output resulting in shunt reduction seems unlikely as mixed venous oxygen saturations fell after the maneuver.
A trend in reduction of alveolar-arterial gradients and ratios was noted after the STIS maneuver.
However, these trends did not achieve significance. Had our sample size been larger or comprised of extubated patients, we might have observed a significant difference. Such a finding would be valuable if the STIS is to be assessed in patients without indwelling right heart catheters.
The reduction in shunt was modest. However, repetitive maneuvers might result in further reductions as increased alveolar-arterial Po2 gradients in postoperative cardiopulmonary bypass patients have been attributed to atelectasis and not pulmonary capillary permeability.31 Furthermore, we do not know if STIS reduces pulmonary shunt in patients during spontaneous breathing or days later in the postoperative recovery period. Our study addressed patients still being supported by SIMV at a rate of 9.18 breaths/ min. Greater reduction in shunt might be seen in spontaneously breathing unsupported patients or those with phrenic nerve dysfunction.
Finally, this study has not examined the impact of the maneuver on outcome (pulmonary complications, length of stay, or hospitalization costs). Since atelectasis is a major cause of postoperative morbidity in cardiothoracic patients, clinicians should continue to investigate simple, cost-effective interventions such as STIS.
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